Abstract -The loss of bone around implants is, on an average, below 1 mm during the first year and 0.2 mm per year in the years that follow. It essentially depends upon biomechanical factors but the level at which the bone stabilizes is determines by the implant depth. Intraoral radiographs (paralleling technique) are considered as the "firs choice2 for the evaluation of the radiolucency with respect to the proximal peri-implant bone. This study was based on 528 implants placesd in private practice, with an objective to determine their success rate and their survival at 5-6 years, to evaluate the peri-implant proximal bone loss and outline the factors that could influence this bone loss. The results obtained from 411 accessible patient files are in accordance with the literature date (at 5-6 years, the survival rate is 99.2%, the success rate is 93%, the average bone los sis 1.16 mm). The bone loss was more severe in smokers and in implants with a TPS surface, those placed in the anterior regions or those with vestibular cortical bone below the 1 mm. Short implants were not associated with a more severe bone loss than longer implants.
Introduction
Implant therapy has long been proven to be a safe and reliable mode of treatment with a limited number of biological and prosthetic postoperative complications [1] . Since the early studies of Brånemark et al. [2] , osseointegrated implants have become the therapy of choice to rehabilitate edentulous ridges. Success rates are very high, as proven by the longitudinal studies of Adell et al. [3, 4] Concise success criteria were established in earlier studies. They stated that the vertical bone loss at the implant crestal sites should, on average, be less than 1.0 mm following the first year of implants in function, and should not exceed 0.2 mm in subsequent years [5, 6] . Other parameters such as the absence of continuous radiolucency around the implants, lack of mobility, assessment of the degree of inflammation, gingival recession and pocket probing depths were also included in the classification of success criteria [5] . Later on, the definition of success was simplified by Buser et al. [7] as the following:
1. Absence of persistent subjective complaints, such as pain, foreign body sensation and/or dysthesia, Correspondence: hamasat.gheddaf_dam@tufts.edu 2. Absence of recurrent peri-implant infection with suppuration, 3. Absence of mobility.
These criteria were used in the present study for the determination of success and survival rates for a population of 528 Straumann R implants, over a period of 5-6 years. A radiological bone level evaluation was also performed at the end of the study period, and was included in the determination of the success criteria. The following sections explain and justify the methods and principles of this evaluation. The introduction concludes with an overview of the external factors that might influence the peri-implant bone level, which was considered in the current study.
Crestal bone remodeling
Comprehension of the physiological principles governing crestal bone remodeling around implants facilitates the distinction between an expected physiologic crestal bone remodeling, and a pathologic condition resulting in bone loss [8] . Hermann et al. [9, 10] suggested that this bone remodeling was a consequence of biologic width formation around imArticle published by EDP Sciences plants, which was physiologically determined, stable and dimensionally similar to that around teeth.
The formation of a biologic width can lead to a circumferential crater around the implant shoulder [4, 8, 9] . In areas of thin bone, the development of a crater may result in the loss of crestal bone height and gingival recession. This physiologic dimension, that was established early and maintained over time, appears to exist between the bone and the implant-crown interface around one-piece implants. It is consistent with the formation of a biologic width similar to that found around the natural dentition [10, 11] (Fig. 1) . However, this biologic width is vulnerable to change. Bone loss may be observed in order to maintain the biologic width, particularly, as a response to various external factors.
Two other phenomena may participate in expected bone remodeling [11] . The first phenomenon determining bone loss is the location of the microgap (implant-abutment connection), in 2-stage implant surgeries. This also explains the 1.5 mm bone loss observed around submerged implants (when a microgap is created after abutment connection at the second-stage surgery) in the first year of function.
Secondly, the interface between the smooth and rough surface on an implant, is thought to play a major role. Bone loss is an adaptation to biomechanical influences, and implant placement depth determines the level at which it stabilizes [8, 10, 11] . Bone loss occurs up to that interface, and bone rarely stays on the machined surface. Thus, height of the smooth collar (e.g. 1.8 mm on Straumann R Esthetic implants) takes into consideration the notion of the biological width, in one-staged implant procedures. Having that in mind, any bone loss occurring further than that height (which happens to correspond to the smooth collar), could be considered as non-physiological bone loss. Based on these observations, this initial bone loss was considered as physiological remodeling; bone loss occurring beyond that point was hence regarded as pathological bone loss [8, 11] .
This finding has been incorporated in the current study in an original way that enabled the investigators to consider the smooth-rough interface as the baseline bone level, up to which bone loss was considered as physiological.
In addition, external factors may participate in further bone remodeling, and hence bone loss. These will be detailed later.
Radiographic methodology
According to the literature, the majority of the radiographically measured bone loss occurred during the healing and remodeling periods, or within the first year of loading; very little bone loss occurred thereafter [3, 4, 6, 12] . Radiographs are currently considered the gold standard in measuring bone level changes at interproximal implant sites (Fig. 2) and in evaluating the presence or absence of peri-implant radiolucencies [13] [14] [15] [16] [17] .
Intra-oral radiography using the paralleling technique was recommended to evaluate minute bone changes [6] . The effects of the projection and the beam angle on the interpretation of non standardized films were reported by many authors [13] [14] [15] .
Annual peri-implant bone loss
Several longitudinal studies consider that radiographic monitoring of bone level changes provides valuable insight into the longevity of oral implants [13] [14] [15] [16] [17] (Fig. 3) . This indirect assessment is less invasive than the direct visualization of the inter-proximal bone through surgical access [15] . Numerous long-term dental implant studies have utilized intraoral radiographs to assess marginal bone loss over time as a critical examination variable [15, 17, 18] . The consensus report of the 3rd European Workshop on Periodontolgy [19] assessed that a maximal bone loss of 2 mm between baseline (prosthesis in place) and the 5-year examination is acceptable. The risk of developing peri-implantitis and eventual implant loss has led the scientific community to search for accurate and reliable prognostic parameters.
The early longitudinal studies of Adell et al. in the 1980s [3, 4] established that the majority of bone loss occurred during the healing and remodeling periods or within the first year of loading; very little bone loss occurs thereafter. Published data described a mean marginal bone loss of 0.4-0.5 mm during the first year post-implantation and 0.05-0.1 mm annually thereafter [7, 14] . Similar observations were noted later by other research groups [16, 21, 22] , who defined the following measurements for the one stage ITI implants: 0.75 mm after the first year and less than 0.1 mm the following years. Another study determined that a mean crestal bone loss ranging from 0.9-1.6 mm in the first year after functional loading was acceptable [17] . A mean annual loss of 0.05-0.13 mm was reported in various studies with screwtype titanium implants [11, 14, 21] .
In their 5-year prospective study using standardized radiographs, Weber et al. [16] showed that the mean crestal bone loss for Straumann implants during the first year was approximately 0.6 mm, followed by a yearly loss of 0.05 mm. This study considered bone levels on the day of surgery as the baseline, which is uncommon in the dental implant literature to date. Most of the previous studies on machined surfaces measured bone loss in considering the point at which abutment connection was made as baseline (in the 2-stage technique). Hence they did not take into account bone remodeling that might have occurred previously. In contrast to the two-stage procedure implant system where osseointegration and marginal soft tissue adaptation occurs separately, theses healing events occur concomitantly usually within the first 3-4 months in 1-stage procedures, thus establishing a stabilized situation [11] .
Certain studies suggest that implants with bone loss higher than 4 mm often showed a progressive loss of osseointegration, and possible implant loss in the subsequent years [18, 22] . Probing depths of 5 mm are usually associated to a chronic inflammatory state. Thus, one major objective has been to develop therapies that aim to improve these critical peri-implant situations, to eliminate soft tissue pockets, and /or to regenerate bone [23] . Different values presented in the different studies were related to the variability in analysis methods and data selection. For instance, the Brånemark group excluded bone loss occurring during the first year; their results were expressed as mean values, and concerned a population with large interindividual deviation [24] . For Adell et al., the reported bone loss was 0.1 mm with high standard deviations [4] . Measurement errors were reported to be responsible for incorrect judgment of peri-implant bone level [6, 15, 25] . The level at which implants were placed, implant surface textures (machined, different rough surfaces), implant design, and one versus 2-step surgical techniques were other factors that may explain the varying degrees of bone loss measured in the different studies [26] [27] [28] [29] . Further studies should focus on the questions: does marginal bone height really decrease at a constant rate? What factors may affect such a decrease?
Limitations of the radiological method
Based on previously mentioned reports, radiographs with intraoral rectangular films were considered to ensure unbiased and reproducible results. The paralleling technique allows an optimum and reproducible quality of periapical radiographs [30, 33] . However, any deviation from the correct vertical angle leads to errors in the assessments of the marginal bone height. According to the longitudinal study of Sewerin [34] on peri-implant bone loss, the distance between a reference point and the marginal bone level around implants could be assessed with a great accuracy by means of the long-cone paralleling technique, conventional or digitalised. The author measured, by evaluating bone height around both threaded and cylindrical implants on intra-oral radiographs, a mean inter-examiner difference of 0.09 ± 0.16 mm. Digital radiographs led to the same mean absolute difference (0.18 mm) as conventional intra-oral radiographic films [6, 35] .
Differences in measurements may also be caused by the difficulty of placing the film intraorally. This occurs most often in the posterior maxilla because of the steep inclination of the palate, and in the anterior mandibular region. In the anterior mandible (especially in edentulous patients), many authors mentioned that the atrophy related elevation of the floor of the mouth, the pain and discomfort to the patient, all yield to difficulties in establishing good radiographs. Superimposition of the calcified structures of the jaw itself may also interfere with the measurement of the crestal bone level [34] [35] [36] .
Spiekermann et al. [37] pointed out that with long observation periods; data taken from radiographs could be liable to a wide range of measurement errors that might hide the true bone level heights and resulting pocket depths.
The evaluation of periodontal or peri-implant marginal bone loss on dental radiographs implies the obvious disadvantage that only the mesial and distal bone levels could be distinguished [38] [39] [40] . However, this should not be of importance in crater-shaped peri-implant bone loss. The accurate value of bone loss tended to be underestimated on radiographs [39] . Moreover, variations in implant angulations in relation to the film plan as well as the direction of the radiographic beam influenced the image on the film. Small deviations from strict parallelism between implant and film plane were also able to significantly change bone height measurements [38, 41] .
Reliability of the radiological method
As previously mentioned, a paralleling technique should be applied to minimize measurement errors. By using this technique, the film has to be positioned parallel to the axis of the implants and the film holder connected to the tube of a dental radiograph (Fig. 4) . Correct vertical angle of projection is achieved when the threads on both sides are clearly identified [30] .
Few studies dealt with accurate clinical and radiographic methods for detecting changes in the bone level. Radiographic assessment was compared to the histological method by Isidor [39] . In this study, clinical probing as well as radiographical and histological bone levels were assessed on machined surface implants placed in monkeys according to a 2-stage procedure. The author recommended the use of known hallmarks on the implant (smooth surface and threads) and showed a high correlation between the radiographic measurements and the histological evaluation.
The relationship between probing level and radiographic bone level for screw-type implants was also assessed by Papelessi and Diamanti-Kipioti [30] . Furthermore, correlations between clinical probing and histological levels were also evaluated by an experimental study in the dog [40] . Hence, both radiographic interpretations of changes over time and measurements of attachment level changes are reliable in assessing the treatment outcome of inter-proximal intra-bony defects [24] .
The evaluation of bone level changes over time requires high precision methods. This means that the obtained results should be similar when repeated by the same or different observers [25] . Variations within observers can be substantial when alveolar bone loss around teeth is assessed. However, when determining bone loss over time, some observers making several and independent readings are more precise than several readings by the same observer [25] . This principle was followed in the present study.
Comparison of panoramic and periapical radiographs
Panoramic radiography has been proposed to be an alternative method to measure bone loss [41] . Because of its standardized projection in the vertical plane, it suits well for vertical bone measurement. In addition, panoramic radiographs might be more appropriate in some cases than periapical radiographs because they offer an image of both jaws. They could also be used in patients with limited mouth opening [41] . Panoramic radiographs proved to be comparable to regular intraoral radiographs in detection of bone loss around implants in the anterior mandible, where periapical films were difficult to place [34] .
However, the bidimensional view obtained with panoramic radiographs is blurred by the superimposition of the cervical column on the anterior region; therefore, the images seem magnified and distorted [33] . Some authors complained about its limited benefit owing to inferior image resolution and the inability to modify the radiographical beam angle. It was reported that the imaging accuracy of intraoral periapical radiography was 10 line pairs/mm (resolution 0.1 mm), versus 5 line pairs/mm (resolution 0.2 mm) for panoramic radiographs [41] . Accordingly, an error of approximately 0.2 mm with a limited interobserver variation was reported for both intraoral periapical radiography and scanographic X-ray using the film technique, for in vitro peri-implant bone level evaluation [6, 42] .
Nevertheless, the use of periapical radiographs to measure peri-implant bone levels has been well established. Periapical radiographs demonstrated to be an accurate method for crestal bone level evaluation around implants (within 0.2 mm) [30, 32] .
In conclusion, periapical radiography was reported to be more successful than the panoramic one in the detection of small osseous destruction (4.7 x) [30] . Panoramic radiography underestimated the osseous destruction, whereas periapical radiography was relatively accurate for this assessment [33] . This was the case regardless of the location of the dental surfaces (jaw, tooth group, mesial or distal) and of the degree of osseous destruction. The two radiographic methods were more concordant in the assessment of osseous destruction in advanced periodontitis than in initial periodontitis [32] .
Bone loss is thought to be underestimated in the range of 13 to 32% in orthopantomograms, 11−23% in bitewings, and 9−20% in periapical radiographs [33] . Taking into account such observations, patients with only panoramic follow-up radiographs for bone level analysis in the present study were not enrolled.
Digital radiographic images proved to offer higher image quality [35] . In specific cases, even panoramic digital images might therefore offer some specific potential for bone level evaluation. As digital intra-oral images showed the smallest absolute differences in intra-and inter-observer reproducibility, and since image resolution was somewhat higher when compared to conventional intra-oral radiography, they may be recommended for marginal bone level assessment around oral endosseous implants [42] .
Other predictors of bone loss and implant success
Long cone periapical radiographs are used in most longitudinal studies to evaluate peri-implant radiolucencies [6, 7, 13, 15-18, 31, 44-51] .
Several clinical studies indicated a maximum probe penetration of 3 mm for successful implants [15, 46, 48, 51] . The two year longitudinal study of Brägger et al. [13] confirmed that the measurements of probing attachment level (PAT) along with radiographic parameters were good predictors of peri-implant bone level. The use of modified periodontal indices was suggested later [23, 32] . The modified plaque and bleeding indices suggested by Mombelli and Lang [23] allowed a good evaluation of the state of the mucosa and oral hygiene. Additionally, several attempts to evaluate bone quality and density were investigated. For example, a radiographic index was created to measure bone apposition around implants after loading [6] . Dual photo absorptiometry was also used to quantify bone changes around implants [52] . Brägger et al. [53] established a sensitive method for periodontal and peri-implant bone assessment, using digital subtraction radiography and computer associated densitometric analysis. Low degrees of implant mobility could also be assessed using an electronic device (Periotest , Siemens, Bensheim, Germany). Mobility tests were not considered a valuable predictive method [54, 55] . None of these methods were investigated in the current study.
Factors influencing bone loss and implant failure
Bone loss and biological failures were extensively studied on machined surface implants placed according to a 1-stage and 2-stage procedures [1, 3-5, 54, 55] . Bone loss could be caused by any of the following reasons:
1. Surgical trauma due to elevation of the periosteum, 2. Mechanical overheating, 3. Excessive force exerted on the crestal bone at implant insertion, 4. Overloading due to traumatic occlusion, unfavorable jaw relationship and cantilever extensions, 5. Physiological residual ridge resorption, 6. Chronic connective tissue inflammation, 7. Peri-implantitis.
Bone loss within the first year of loading was also attributed to the biologic width formation [54] , a process previously described. Implant failure was studied on machined implants as early as 1989 [55] . Two biological concepts have been proposed to explain pathological bone loss. The first is that periimplant bone loss, peri-implant radiolucency, mobility and eventually infection might be due to the loss of biomechanical equilibrium by excessive load. The authors hypothesized that a fibrous capsule, unable to contribute to functional loading of the bone-implant interface, replaces the highly specialized bone. The second is related to infection, it implies bacterial colonization and inflammation-related crestal bone resorption, and represents the most important etiological factor of pathological bone loss [23, 56] .
External factors that may further affect crestal bone level
A literature search of possible parameters leading to crestal bone loss (CBL) showed that this may be affected by the following parameters: implant location, height of the smooth collar, implant diameter and length, implant surface texture, opposing occlusion, crown-to-implant ratio, type of suprastructure, as well as patient related factors such as periodontal disease, smoking, bruxism, and hygiene control [1, 18, 19, 22, [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] . 
Aim of the study
It was three folds:
1. To determine the five to six years success and survival rates of a population of 528 implants, 2. To evaluate radiographic bone changes around the implants, 3 . To establish which factors may influence the degree of peri-implant bone change.
Unlike life-table analysis studies, all implants were evaluated at a minimum period of five years. All patients were treated and controlled in a private practice. An original method was used to assess the pathological crestal bone loss (CBL) occurring during this period: the baseline bone level was considered to be located at the smoothrough implant interface, thus avoiding the need of reference radiographs. Bone loss was evaluated by only analyzing the radiographs taken at the 5-to 6-years control.
Different statistical tests were used to investigate the influence of various clinical parameters on CBL. Analyzed parameters were the following: implant location, implant diameter, implant length, implant collar height, implant surface texture type, implant prosthetic suprastructure type, implant vestibular bone lamella width (VBL) at surgery, implant distance to adjacent tooth/implant, opposing dentition type, patient smoking status.
The relevance of this study lies in the large number of implants and in the wide range of inclusive criteria for the patient selection. Furthermore, the absence of strict routine hygiene recalls as carried on in academic institutions can lead to realistic results that would apply in an every day dental practice
Material and methods

Surgical and prosthetic procedures
Between January 1995 and December 2000, 528 ITI dental implants (Straumann AG, Waldenburg, Switzerland) were inserted in 236 consecutive patients. These patients were treated in a private practice environment (Ardentis Clinique Dentaire SA, Vevey, Switzerland). They belonged to the same pool of patients investigated in previous studies [64, 66] . Implants were placed by two surgeons (RN, MB) under clean but not sterile conditions as defined by Scharf & Tarnow [67] . The patient population consisted of 145 females (61.4%) and 91 males (38.6%). Age at implant placement ranged from 18 to 89 years old; patients younger than 50 years old received 176 (33.3%) implants, patients aged between 50 and 70 years received 278 (52.6%) implants, while 74 (14.0%) implants were placed in the elder patients. Before June 1999, 264 (50%) titanium plasma sprayed (TPS) implants were inserted. After this date, 264 (50.0%) sandblasted and acidetched (SLA) implants were placed.
In the mandible, implant length was assessed considering a 2-mm security margin above the mandibular canal; therefore, standard insertion was performed when 10 mm of bone was available. In the maxilla, sinus perforation was not avoided; implant penetration in the sinus of 1 to 2 mm was tolerated. Standard insertion was performed when 5 mm of bone height was available. Esthetic Plus implants (providing one additional millimetre for bone anchorage) were used when the esthetic situation required a deeper placement of the implant-crown junction in the sulcus [68] but not an enhanced anchoring length. Implant tilting to place a longer implant was not considered; 6 mm long implants were used only in conjunction with longer implants. Implant length (8, 10 or 12 mm) was not taken into consideration to determine the number of implants, the type of prosthetic rehabilitation or its dimensions. Surgeons paid attention to place all roughsmooth junctions at the level of the mesial and distal crestal bone level or deeper. No implant was placed with the roughmachined limit above the crest at any proximal site.
The mean healing time for the TPS implants was 3.9 months in the mandible and 4.5 months in the maxilla. For the SLA implants, it was respectively 2.3 and 2.5 months. Prior to implantation, general health evaluation was performed and local clinical examinations were performed. No complementary biologic tests were requested. When required, implant treatment was decided after a benefit/risk analysis with the patient. A specific oral hygiene protocol was not followed, but the patients were given instructions about the importance of oral hygiene and the reduction/cessation of smoking habit, which was reinforced at every visit. A specific time period between tooth extraction and implant placement was not introduced: very few (2.3%) implants were placed consecutively to tooth extraction, 34.9% after 3-6 months, 15.9% after 6-12 months and 47.0% after 1 year.
The patients' pool included bruxing patients (21.3%), smokers (26.3%) and medically compromised patients (20.1%) like HIV+, controlled diabetes, malignant pathology other than in the cervico-facial area, heart disease or coagulation deficiency. Light or heavy smokers were included without distinction; smoking cessation was not requested either before or after surgery. Bruxers received one implant per rehabilitated unit; in case of multiple implant rehabilitation, these patients were encouraged to wear night-guards to avoid prosthetic complications. All surgical procedures were performed under antibiotic prophylaxis (Amoxi-basan , Schönenberger Pharma, Schönenwerd, Switzerland, 750 mg, 3x/d during 6 days or Dalacin C , Pfizer, Zürich, Switzerland, 300 mg, 3x/d during 5 days, in case of penicillin allergy) -The difference in the duration of the antibiotic treatment is related to the packaging system, in order to avoid for the patients to buy an extra pack in the case of Dalacin C .
Treatment plans systematically included periodontal and carious status evaluations and, when necessary, disease management and maintenance prior to implant placement. All patients were instructed to attend at least a yearly routine hygienist session [69] . However, patients were not enrolled in this maintenance program. No exclusion criteria were applied in selecting this patient pool and hence all available patients were re-called for a five to six year postoperative x-ray of their implants.
Patients enrolment
All patients were contacted by phone or mail, in order to achieve the five-six year control including a periapical radiograph with the long cone paralleling technique. Those which had recent bitewing radiographs of the included implants already present in their charts were not required for further periapical ones.
Data collection
Of all examined intraoral radiographs, 65% were conventional (non-digital) images. After November 2005, a digital system was installed in the clinic, and 35% were digital images using the DBSWIN system R (Dürr Dental, BadenWürttemberg, Germany). The phosphorus plates this system has to offer allow it to be comparable to the conventional radiographic system (with silver halide grains) used earlier in the study. The DBSWIN system comprises an intraoral X-ray sensor VistaRay and the image plate systems VistaScan. It is a logistic system with extensive image processing and measurement tools.
Both methods used the paralleling long cone technique for the periapical radiographs. Conventional (non digital) films were then scanned in a digital format by a flatbed scanner (Epson Expression 1680 Pro, Wadenswil, Switzerland) with at least 600-1200 dpi resolution. All radiographs were then analyzed using image analysis software (Digora, Soredex, Helsinki, Finland), allowing a measurement precision of 0.01 mm. To determine the magnification factor, an internal calibration was performed for each radiograph (Fig. 5) . In order to improve the image analysis, image enhancement operations including sharpness, brightness, contrast and gamma adjustments were done when necessary.
Measurement method
Radiographic studies usually compare the bone loss reading between a reference radiograph taken after surgery or at prosthesis installation and at a given milestone [44] [45] [46] [47] [48] [49] . In this study, the initial bone level was set according to histological studies carried out by Hermann et al. [8] [9] [10] . The authors implied that a physiologic bone loss occurs up to the level of the rough-smooth boundary of the implant. Having identified rough-smooth interface of the implant on the post-operative 5-years radiographs, the need for a baseline radiograph was discarded.
When the bone level was found apical to that line, it was considered as a pathological bone loss. Bone appearing coronal to that line was considered as "supra-boundary bone" (for the definition see page 30). This does not necessarily mean new bone formation but simply identifies bone existing above the interface. The likely reason of the possible presence of bone above the interface is discussed later. Different factors were investigated for their effects on such bone changes.
It was therefore decided that the reference line R corresponding to the smooth-rough implant interface, is level with this physiological remodeling. This was dependent on smooth collar implant height (standard or esthetic implant) (Fig. 6) .
Two different observers (HGD and SAN) were then subsequently asked to measure the distance parallel to the long implant axis between the L line on the implant and the most apical part of the proximal marginal bone level. This measurement was carried out on both mesial and distal implant sides [15] [16] [17] , on the 5-year postoperative radiographs. When unclear, the most apical bone-to-implant contact, corresponding to the worst case scenario was taken into account. The R line was determined by two different methods, depending on whether the apical part of the implant was visible (periapical radiographs) -method A, or missing (bitewing radiographs) -method B:
1. Method A-Measures the implant length (given by the manufacturer) starting from the implant apex on the calibrated radiographic image taken with periapical radiographs (Fig. 7) . 2. Method B-Measures the distance apical of the smooth implant collar, being 2.8 mm (standard implants) or 1.8 mm (for esthetic implants) as identified on the calibrated bitewing radiographs (Fig. 8 ).
Bone level was calculated for mesial and distal sites, and the mean was calculated. Sometimes, when only the mesial or distal side could be measured, the obtained value was considered combined. Crestal bone loss was abbreviated CBL. Patients with only panoramic postoperative radiographs and who could not be contacted for intraoral periapical radiographs were not included in the radiographic analysis. Panoramic radiographs showed limited resolution, enlargement and distortion [33] . Radiographs were selected according to criteria established by both examiners (the two observers). This selection included unbent films, in addition to with a non distorted image, as well as films with correct orientation, contrast and brightness permitting mesial and/or distal identification of the most apical bone-to-implant contact "Supra-boundary bone" Unchanged bone level and bone above the smooth-rough interface on the radiographs was named "Supra-boundary bone" in the present study, this was considered as a "non bone loss" situation. Just because bone appears on the smooth surface radiographically, it is not an indication of actual bone formation, since it would primarily depend on the depth at which the implant was placed; in other words if bone had been on that surface at baseline (Fig. 9) . "Supra-boundary bone" was observed in some studies at approximately 30% of the Brånemark fixture surfaces between 1 and 3 years of follow-up [4, 29] . This was interpreted as a physiological remodeling process in response to functional loading and adaptation, as well as a lack of standardization of the measurement technique.
Investigated parameters
The investigated parameters were selected due to their potential clinical influence on peri-implant bone remodeling. They are as follows: 7. Implant length, 8. Implant diameter, 9. Implant prosthetic suprastructure, 10. Implant vestibular bone lamella width (VBL) at surgery: VBL < 1 mm or VBL 1 mm, 11. Implant distance to adjacent tooth/implant. This was measured by drawing a straight line from the R line to the adjacent tooth or implant (Fig. 10) .
Criteria for determining interpretable radiographs
Strict inclusion criteria were used to determine the bone level changes for the obtained radiographs. All bent and unclear radiographs were excluded from the analysis; however, they were included for success and survival rate evaluations. Radiographs had to fulfill the following criteria to be considered -after calibration-for peri-implant bone level measurements:
1. An equal distance (1.25 mm) between all the threads of the implant along the entire implant surface, 2. An equal distance of the diameter of the implant (thread to thread) at two different random spots along the implant body, 3. The diameter of the collar and the implant length corresponded to the values given by the manufacturer; i.e. the R line had to present the same location when determined from the collar (at a distance of 2.8 or 1.8 mm) or from the tip of the implant (corresponding to the value of the implant length).
If the second trial of X-ray capture didn't also yield the required quality, the radiographs were eliminated from the study. When an observer could not confidently identify the implant collar and the most apical bone-to-implant contact, radiographic measurements were not included. Bitewing radiographs were also considered for bone level evaluation, since bone level changes in the follow-up period always began around the neck of the implant [34] .
Survival and success rates' evaluation
Survival rate was defined as the proportion of implants in place and in function [3, 7, 13, 18, 65, 70] at the 5-6 years reevaluation. Success rate was considered as the proportion of implants showing no mobility, no peri-implant radiolucency, no active or recurrent peri-implantitis [5, 55, 65] and no radiological CBL > 3 mm.
Statistical analysis
The coefficient of reliability was calculated in order to determine the accuracy of measurements between the two observers. Descriptive tables were used to calculate the mean CBL according to the different parameters. The difference between two similar variables i.e. TPS versus SLA or smokers versus non-smokers was evaluated using the Student T-Test (p < 0.001).
ANOVA regression analysis was used to analyze the influence of the variables on CBL or "supra-boundary bone". These variables were classified in groups depending on values of CBL and presence of "supra-boundary bone" 1) CBL > 3 mm, 2) 2 mm < CBL 3 mm, 3) 1 mm < CBL 2 mm, 4) CBL 1 mm, 5) "supra-boundary bone" (p < 0.05) (Fig. 10) .
The Pearson Chi-Square Test was also used to evaluate the correlation between the different parameters and bone change.
Finally, the influence of various combined factors was evaluated in regard to their influence on CBL. This was investigated with the ANOVA Univariate Analysis Test (p < 0.05).
Results
Drop-outs and final patients population
Sixty-two participants (26.3%) dropped out of this study, corresponding to 117 (22.2%) implants. The reasons for dropouts included deceased 7 patients (15 implants), 51 patients out of reach (92 implants), 1 patient delaying implant loading because of financial problems (2 implants), 2 patients refusing irradiation (6 implants), 1 patient unwilling to attend (2 implants).
At the end of the 5-6 year study period, three implants in two patients failed, bringing the survival rate down to 99.2%.
The radiographs of 15 patients (22 implants) did not correspond to the above established criteria for bone level evaluation: 57% of the 22 implants were located in the posterior maxilla and 43% in the anterior mandible (from canine to canine). Nevertheless, these radiographs were included in the determination of the success and survival rates. The final implant population sample reached 411 implants (77.8% of the initial population) in 174 patients for survival rate evaluation, and 386 implants (73.1% of the initial population) for bone level and hence success evaluations. The final population included 49.7% TPS-surfaced implants and 50.3% SLA-surfaced implants. Of these, 27.5% were placed in the anterior segment and 72.5% in the posterior region. Implants placed in the maxilla comprised 39.9% of the total implants, while 60.1% were placed in the mandible. The majority of the population had a natural/fixed opposing dentition (76.4%), 17.6% had a removable opposing dentition and 4.4% had a mixed opposing dentition. Most implants (93.5%) were solid screws (2.0% with a 3.3 mm diameter collar, 92.0% with a 4.8 mm and 6% with a 6.5 mm) and 6.5% were hollow screws. 17% presented an esthetic collar and 83.0% a standard collar. Restorations were fixed (79.0%) and removable (21.0%). 12.4% of the removable suprastructure had a clip attachment design and 7.5% a bar attachment. 19.2% of the implants were placed in smoking patients and 80.8% in non-smokers. Rough-surface implants length distribution was the following: 1.0%: 6 mm, 21.5%:8 mm, 1.6%: 9 mm (Esthetic Plus 8 mm), 39.1%: 10 mm, 10.9%: 11 mm (Esthetic Plus 10 mm), 24.4%: 12 mm, 1.6%: 13 mm (Esthetic Plus 12 mm). At surgery, by the end of the drilling sequence and prior to implant placement, 72.8% of the implants presented a VBL higher than 1 mm and 27.2% less than 1 mm. Of the implants that displayed a VBL less than 1 mm, 27.6% were placed with a simultaneous lateral augmentation technique: xenograft (Bio-Oss R , Geistlich, Switzerland) and a resorbable membrane (Bio-Gide R , Geistlich, Switzerland). 72.4% of those with VBL less than 1mm had no augmentation technique.
Examined radiographs
91.3% of the final radiographs were obtained from periapical radiographs and the rest (8.7%) were obtained from bitewings. Both types presented high sensitivities for periimplant bone loss measurements [30] . As mentioned previously, the bitewing radiographs that were in the patient chart before as part of a routine control imaging were used in the study in order to prevent further irradiation. This explains the small percentage of this type of radiographs.
Survival and success rates
Three failures in two patients were recorded. They were divided into early failure (1 implant, 0.2%) before loading and late failures (2 implants, 0.4%) after loading. The early failure was related to infection whereas late failures were related to implant overloading and mobility. Interestingly, all failures occurred during the first year.
The overall survival rate at the 5−6 year control was 99.2%. However, 7% of the implants showed radiological bone loss greater than 3 mm, decreasing the success rate to 93%.
Peri-implantitis, utilizing both clinical and radiological evaluation, was observed on six implants (1.6%) in four patients. Five occurred in the mandible whereas four in the posterior area. Surgical procedures were not undertaken to treat peri-implantitis. They were treated locally according to the Cumulative Interceptive Supportive Therapy (CIST) protocol [23] . In addition, a strict hygiene protocol was recommended and more frequent recall appointments (every 4 months instead of the recommended annual recall). The treated implants were followed up over subsequent years, and showed no signs of recurrent peri-implantitis. No implants manifested signs of mobility, and subjects did not complain of persistent pain, foreign body sensation and/or dysthesia.
Statistical analysis
Several tests were included in the statistical analysis using the data analysis program (SPSS).
The coefficient of reliability showed no significant difference (p > 0.05) when comparing the measurements taken by the two observers (Table 1) . Therefore, a combined mean value of the two measurements was used.
Mean bone loss
Mean bone loss (mean mesial and distal heights) measured by both observers was 1.16 mm (range 0−5.41 mm, SD ± 1.03 mm).
Effect of different factors on mean CBL
Student t-test showed the following mean CBLs for the different factors investigated (Tables 2-13 ).
ANOVA regression analysis
According to the ANOVA regression analysis, and in accordance with the Student t-test done previously, four factors * No statistically significant difference found between opposing dentition type and mean CBL (p = 0.931). * A statistically significant difference was found when evaluating VBL effect on mean CBL (p < 0.001). Increased mean CBL was observed when <1 mm VBL remained. showed statistically significant results when investigating their influence on peri-implant bone change (p < 0.05) (Tables [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . These factors were: Independent variables: surface texture, tobacco, arch location, and vestibular bone width on bone loss. b 0 = constant, b 1 , b 2 , b 3 = regression coefficients, R = correlation coefficient, R 2 = percentage of explained variance. Pearson Chi square test confirmed the significance (p < 0.05) of each investigated factor (mentioned above). All the other factors were not found to be statistically significant.
Effect of combined factors on mean CBL
Implants with different lengths and widths, different heights of the smooth collar, different jaw locations, having a removable or fixed suprastructure, having fixed, removable or mixed opposing dentitions, and at different distances from the adjacent teeth/implants did not show a significant influence on mean bone levels, even when combined with other factors in the current study.
An ANOVA univariate analysis test was used to evaluate the effect of a combination of different factors on mean CBL. Interesting correlations were noted when combining factors that had already individually shown to have a statistically significant impact on mean CBL For example, the combination of a smoking subject and TPS-surfaced implant resulted in a higher bone loss than each parameter independently (Tables 14-20) .
Moreover, the combination of not statistically significant factors with statistically significant ones was performed. Some interesting correlations were noted, but results were not significant (Tables 21-30) The influence of the statistically significant parameters on 5 subgroups of bone change Parameters with significant influence on peri-implant bone change according to ANOVA were then distributed into 5 subgroups (Fig. 11 and Tables 26-31 ). These groups were also divided according to implant length, although this was not a statistically significant factor. Table 28 . Percentage distribution of the implants placed in smoker/non-smoker patients in relation to crestal bone loss and "supra-boundary bone" groups. The Pearson Square test p-value indicated the significance of the correlation of this factor to CBL or "supra-boundary bone" (p < 0.05).
Mean CBL (mm) and Smoking status "supra-boundary bone" smoking (%) n non-smoking (%) n >3 Table 29 . Percentage distribution of the percentage of implants with a vestibular bone lamella either less than or greater than 1 mm in relation to crestal bone loss and "supra-boundary bone" groups. The Pearson Square test p-value indicates the significance of the correlation of this factor to CBL or "supra-boundary bone" (p < 0.05).
Mean CBL (mm) and Vestibular bone lamella "supra-boundary bone" >1 mm (%) n <1 mm (%) n >3 3. Table 30 . Percentage distribution of implants according to different lengths (6, 8, 9, 10, 11, 12 and 13 mm) in relation to crestal bone loss and "supra-boundary bone" groups. The Pearson Square test p-value indicates the non-significant correlation of this factor to CBL or "supra-boundary bone" (p = 0.458).
Mean CBL and Length "supra-boundary n total bone" (mm) 6 mm 8 mm 9 mm 10 mm 11 mm 12 mm 13 mm (%) (%) (%) (%) (%) (%) (%) >3 0.0 (n = 0) 16 (n = 5) 0.0 (n = 0) 7.9 (n = 12) 9.2 (n = 4) 6.6 (n = 6) 0.0 (n = 0) 27 2-3 30 (n = 1) 16 (n = 5) 18.8 (n = 1) 6.6 (n = 10) 9.2 (n = 4) 7.4 (n = 7) 34. TOTAL 100 (n = 4) 100 (n = 83) 100 (n = 6) 100 (n = 151) 100 (n = 42) 100 (n = 94) 100 (n = 6) 386 Table 31 . Percentage distribution of implant-implant or implant-tooth distances in relation to bone loss and 'supra-boundary bone' groups. The Pearson Square test p-value indicates a non-significant association between this factor and CBL or 'supra-boundary bone' (p = 0.951).
Mean CBL and 1-2 mm 2-3mm 3-4mm >4 mm Total "supra-boundary bone" (mm) (%) (%) (%) (%) > 3 5.8 (n = 7) 8.6 (n = 10) 9.1 (n = 4) 6.2 (n = 5) 27 2-3 8.9 (n = 3) 8.6 (n = 25) 14.5 (n = 9) 3.9 (n = 
